Supplementary information
Oligomeric state of OppA* Crystal structures of substrate-binding proteins (SBPs) have shown that they are monomers with one substrate-binding site per molecule (Quiocho & Ledvina, 1996) . However, recently it was shown that TakP, a SBP from a tripartite ATP-independent transporter, is a dimer (Gonin et al, 2007) . Moreover, in ATP-binding cassette (ABC) transporters containing multiple substrate-binding domains (SBDs) fused to the translocator, co-operativity between these domains has been observed (BiemansOldehinkel & Poolman, 2003) . Several early experiments also suggested that SBPs self-associate to form dimers or higher order oligomers (Rashed et al, 1976; Richarme, 1982; Richarme, 1983) which might be a way to regulate their activity (Antonov et al, 1976) . To determine the oligomeric state of OppA* we performed light scattering and equilibrium centrifugation measurements.
Sedimentation equilibrium centrifugation (Fig. S1c ) and static light scattering experiments ( Fig. 1 ) unambiguously showed that purified OppA* is a monomer. For the ligand-free version of OppA*, the measured molecular weights determined by equilibrium centrifugation and static light scattering were 68.2 kDa and 65.0 kDa, respectively. These values were close to the calculated molecular weight for the monomer of 65.1 kDa, based on the amino acid sequence. Addition of the highaffinity ligand bradykinin did not significantly change the molecular weight determined by sedimentation equilibrium centrifugation. Also, the molecular weight of OppA* with endogenous ligand bound, determined by light scattering, did not differ from that of ligand-free OppA* (Fig. 1) . In contrast, the hydrodynamic properties of ligand bound and ligand-free OppA* were significantly different, as indicated by sedimentation velocity measurements (Fig. S1a) , and by the elution volumes observed in gel filtration experiments. Consistent with the equilibrium centrifugation data, the sedimentation behaviour of OppA* did not change over the concentration range tested (0.02 to 1.30 mg/mL), indicating that the protein was present as a single-species not undergoing reversible self-association. The average sedimentation coefficient (s 20,w ), however, increased from 4.2 ± 0.1 S in the absence of ligand to 4.6 ± 0.2 S upon the addition of a saturating amount of bradykinin (Fig.   S1b ). Moreover, in gel filtration chromatography experiments, ligand-bound OppA* migrated more slowly on a size-exclusion column compared to ligand-free OppA* (Fig. 1) . This hydrodynamic behavior thus indicates that ligand-bound OppA* adopts a more compact conformation than the ligand-free protein, consistent with the Venus Flytrap mechanism.
Ligand binding to OppA* Protein functionality and the removal of endogenous bound substrate were verified by monitoring intrinsic protein fluorescence changes upon titration with peptide ( Fig.   S4 ). The K d and maximum change in fluorescence (∆ F F max ) were 0.26 µM and 12.3 %, M and 12.3 %, which is close to the values of 0.10 µM and 12.6 % that were obtained previously M and 12.6 % that were obtained previously (Lanfermeijer et al, 1999) .
Experimental Procedures
Purification of OppA* Expression of OppA* in Lactococcus lactis AMP2/pAMP21 and cell lysis were done as previously described (Lanfermeijer et al, 1999) , and the soluble fraction was frozen in liquid nitrogen and stored at -80ºC. The lysate was thawed, 0.5 mL Ni mM NaCl, 500 mM imidazole, pH 6.0, 2 CV. For purification of OppA* with endogenously bound peptides, the washing steps with Guanidine-HCl were omitted.
Purified OppA* was concentrated to 0.5 ml in spin concentrators with 30 kDa cut-off (Vivaspin with PES membrane Sartorius), and further purified on a Superdex 200 10/300 GL size exclusion column (Amersham Biosciences) in 20 mM Na-MES, pH 6.0, 150 mM NaCl. Fractions containing OppA were pooled, concentrated 10-fold, and diluted such that the final buffer composition was 10mM Na-MES, pH 6.0, 10mM NaCl, and finally concentrated again to 11 mg/mL of protein. For cocrystallization with peptides, the peptide (10 mM stock in milliQ water) was mixed 1 to 10 with protein solution yielding final concentrations of 10 mg/mL OppA, 1 mM peptide, 9 mM Na-MES, pH 6.0 and 9 mM NaCl.
Fluorescence titration
Measurements were performed on a Spex Fluorolog 322 fluorescence spectrophotometer (Jobin Yvon) at 25°C in a 1 mL stirred cuvette. For fluorescence titration experiments, 0.5-1 µM bradykinin stock solutions were used, and solutions of bradykinin were added in 1 µL steps. The excitation and emission wavelengths were 280 and 318, respectively, with slit widths of 1 and 2 nm, respectively. Titrations with water in the absence of protein were performed as reference.
Analytical ultracentrifugation
Analytical ultracentrifugation experiments were performed in a Beckman Optima XL-I, using an AN-50 Ti rotor with 2-channel charcoal-filled centerpieces. Sedimentation velocity experiments were done at 38,000 rpm and 4°C on sample volumes of 400 µL L with loading concentrations ranging from 0.020 to 1.300 mg/mL in 25 mM KP i , pH 6.0, 100 mM KCl, and 10 % (v/v) glycerol (buffer C). Absorbance data were collected at 280 and 230 nm in a continuous mode with a radial step size of 0.005 cm and 10 min time intervals. Sedimentation equilibrium experiments were performed at rotor speeds of 8,000, 10,000, and 12,000 rpm on sample volumes of 100 µL with L with loading concentrations of 0.020, 0.050, and 0.100 mg/mL OppA in buffer C. The absorbance optics was used to collect data every 0.001 cm with 10 replicates at 280 nm.
Data analysis was done using the XL-I data analysis software (Beckman). The molecular weight of OppA* was determined from the sedimentation equilibrium experiments by global fitting of nine data sets. The partial specific volume (θ ) of ) of
OppA was 0.7227 mL/mg at 4ºC as calculated from the primary amino acid sequence using SEDNTERP (developed by Hayes, Laue, and Philo, and available at www.jphilo.mailway.com). Values for the solvent density (ρ ) and viscosity (η ) of the ) and viscosity (η ) of the ) of the buffer C were determined using the same program and were 1.03878 g/L and 2.2348 × 10 -2 Poise, respectively, at 4°C.
Molecular dynamics simulations
Molecular dynamics simulations were performed with a coarse-grain representation of the system using the recently parameterized MARTINI force-field (Marrink et al, 2007; Monticelli et al, 2008) . In the force-field small groups of atoms (usually 4 heavy atoms) are united into a single interacting bead. The force-field was systematically parameterized on the partitioning free energies of many chemical compounds (including the partitioning of amino-acids between polar and apolar phases). The force-field has been shown to represent well the protein structure and function (Periole et al, 2007; Treptow et al, 2008; Yefimov et al, 2008) . The protein in the open-state was mapped to its coarse-grain representation from the crystal structure. The octamer peptide (RDMPIQAF) was modeled based on the visible hexamer densities. The simulation box included 15,000 coarse-grain water beads.
Simulations were performed using the GROMACS program package (Spoel et al, 2005) , with the scheme developed for coarse-grain simulations, under periodic boundary conditions. The temperature was weakly coupled (coupling time 0.1 ps) to a thermostat at T = 300K using a Berendsen algorithm (Berendsen et al, 1984) . The pressure was also weakly coupled at 1 bar (coupling time 1.0 ps, compressibility 5 × 10 -6 bar -1 ) using an isotropic coupling scheme (Berendsen et al, 1984) . The nonbonded interactions were treated with a switch function from 0.0 to 1.2 nm for the Coulomb interactions and 0.9 to 1.2 nm for the LJ interactions (pair-list update frequency of once per 10 steps). A time step of 25 fs was used. When interpreting the simulation results with the coarse-grain model, a conversion factor of 4 is used, which is the effective speed-up factor in the diffusion dynamics of the coarse-grain water compared to real water (Marrink et al, 2007; Monticelli et al, 2008) . Six simulations with a total simulation time (effective time) of 18 µs were performed. s were performed.
Miscellaneous
Protein concentrations were determined accordingly (Lowry et al, 1951) , using bovine serum albumin as a standard. The concentration of purified OppA was determined spectrophotometrically by measuring the absorption at 280 nm and using an extinction coefficient of 1.605 (mg/mL) -1 cm -1 . Illustrations were produced in PyMol (DeLano, 2002) . Binding of bradykinin to OppA* monitored by intrinsic protein fluorescence measurements. Titration of OppA* (after GndHCl treatment to remove endogenous peptides) with bradykinin. The protein concentration was 0.5 µM. The change in protein fluorescence (•F) was measured and the data fitted as previously described F) was measured and the data fitted as previously described (Lanfermeijer et al, 1999) .
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Figure S4
Stereo view of OppA* in the closed (A) and open (B) conformation. The color scheme is the same as in Fig. 2 
Figure S5
Snapshots of peptide-protein interactions during MD simulation. Panels A-D shows snapshots at different time points during the simulation. Ala476 and Ser474 are at a distance to form hydrogen bonds with different peptide residues in all the snapshots, but Asp483 only in D. The register shift of the peptide at different time points is clearly seen (A=40 ns, B=10 µs, C=11 µs and D= 12.8 µs).
Figure S6
Ramachandran plot of the bound ligand bradykinin (RPPGFSPFR). Ramachandran allowed and favored regions for proline are outlined. Five residues of the bound peptide fit within the limits of proline. 1, 123.3, 59.7 40.1, 123.3, 59.7 40.1, 123.3, 59.7 40.1, 123.3, 59.7 42.2, 58.6, 61.3 59.1, 74.4, 115.4 59.1, 74.4, 115.4 59.1, 74.4, 115.4 59.1, 74.4, 115.4 59.1, 74.4, 115.4 a, b, g (°) 90 
